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The present invention relates to a distributee^ ccmputer svstem and relates particularly, but not 
exclusively, to a multinnedia distributed cbiect-based conference system. 

The object-based approach to system development >s becoming weii-estabiished. The basic idea is to 
program the system m terms of software objects, each having its own data and methods for operating on 
the data. Objects intercommunicate by means of messages. An advantage m encapsulating data and 
metnods-m this way is that J he, _resulting_systern_is iieiatively easy t^niamtain and develop_An_exampie is 
NewWave Mail (produced and sold by Hewiett-Packaroi which ts an object-based electronic mail applica- 
tions program m which messages anc message components, such as te:<t. distribution lists, etc. are treated 
as objects. 

An object can be regarded as a discrete entity wnich can individually be moved, copied, destroyed, etc 
An object IS initially some data stored on disc or other medium. If object management software wisnes to 
pass a message to it. one or more processes will be initiated which read the data as part of initialization. If 
an object is fully defined by its data and has no processes associated with a. it is said to be 'inactive**, if an 
object has one or more processes associated witri it and is -riefined by the state of that process or 
processes and data then it is said to be "active". 

A distributed object based system is one m which several workstations are interconnected over a 
network and messages between objects of the system can be sent over the network. Objects themselves 
may also be transmissible over the network. A network may compnse several interconnected intelligent 
workstations or a central computer connected to severat terminals ^workstations) or several interconnected 
server machines with intelligent workstations connected to each server, or a mixture of these possibilities. 
The term "workstation" is intended to be applicable to an cf these possibilities. 

tn a distnouted object based system there are benefits m splitting sharable semantic and presentation 
parts so as to enable more than one user to access the semantic part of a shared object. For example, m 
the context of a distributed conferencing system a whiteboard object would have a semantic part defining 
the state of the object and a presentation part for defining the appearance of the object to be displayed to a 
user and for enabling the user to make input. Several users may have access to a presentation part for 
viewing the whiteboard object so that they can each mane coninoutions in a manner similar to a group of 
people clustered around a real whiteboard. 

The workstations may be arranged m a client-server arrangement with semantic object parts stored on 
server machines and presentation object parts stored on client machines. Alternatively, semantic object 
parts may be distnbuted around user machines on a network of intelligent workstations. 

According to the present invention we provide an object based distributed computer system comprising 
a network of workstations and means for transmitting objects oetween workstations charactenzed by objects 
including a first Object type for storing data and a second object type for presenting data to a user, wherein 
objects of the second type reference an associated object of the first type to enable a plurality of users of 
workstations to access data of the object of the first type, comprising means for transmitting an object of 
the second type between workstations thereby to create a reference to the associated object of the first 
type for each workstation receiving an object of the second type. 

The present invention provides an effective way of enabling further users to have access to a semantic 
object part, either for the purpose of autonomous wcrkmg or for the purpose of participating m a jomt 
activity. 

In the embodiment to be described, the system com.pnses means for copying an object of the second 
type between workstations. In that embodiment transmuted objects ol the second type include an identifier 
for the associated object of the first type. 

The system according to the present invention may be m the form of a conferencing system compnsmg 
means enabling users of the workstations to participate m a meeting over the network wherein objects of 
the first type store meeting data and objects of the second type are for presenting meeting data. The 
invention also provides a method of convening a meeting using such a system compnsmg transmitting an 
object of the second type between workstations thereby to create a reference to the associated object of 
the first type for each workstation receiving an object of the second type. 

It is believed that poor communications are a major cause of the poor performance of distnbuted teams 
of oeople working on a given project. The present invention aovaniageously provides an improved 
conference system for facilitating distributed meetings. 

A particular embodiment of the present invention will now be described, by way of example, with 
reference to tne accompanying drawings m which- 

Figure 1 IS a diagram of a distnbuted system according to the present invention: 

Figure 2 shows the major components of a server and >vorkstaiton of the system: 

Figure 3 Shows a voice and data network structure: 
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Windows. 

A Dossibfe video network is shown tn Figure 5 The vnieo network .s tased on a central v.dec switch 54 
connected using a star topology to client worksjaticns C Video signals are modulated on to VHF earners 
anc transm.tted over standarc analogue -abnng 56. The video 3w.tcn 54 ts a conventional cable television 
s switch. Several sucn switches can oe cascaced m a bar arrangement for large systems. 

por long distance video communications, a -ilev.ce 58 for .rcmcressing and decompressing v.oeo 
signals (a "coaec'") may be used and the signals are transmitted usmg ISDN teiepncne lines. 

The architecture of :ne obiect-based system 10 wiii r^ow \:e oescnbed. 

With reference to Figure 6. the structure of one user's oomon of the system is represented. The 
0 functions of me objects are as follows: 

a Venue object (Vi ,s an electronic meeting oiace aiicw.rig ccntroi over med.a channels and orovidmg a 
location for storing shared cbiects. A user may have several Venue obiects: 

a Phone Boom ociect IPB) controls the 'Zreation of Venue objects and oversees the setting ud 
maintenance ana ciosmg down of conferences. The P8 compnsec a processor for handling mcom.ng and 
5 outgoing calls: 

a Connection Manager object fCM» controls driver components rO- ... 0,,) which handle media 
connections for the system 10: 

a Directory object (0) which provides a list of potential meeting parTicipants. 

Object X represents another system object for performing a specific meeting-reiated function, eg a 
3 whiteboard function. 

Figure 6 is a conceotual representation of the system lO and the arrows represent mter-object 
communication. In the embodiment be.ng described, the system compnses client workstations C and 
servers S ana most of the objects referred to m Figure 6 are functionailysol.t into a server component and 
one or more client components as indicated in Figure 7 

The server objects handle the ceniratued and distnbunon • onented aspects whereas the cMent objects 
handle the presentation aspects. Hence shared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

In F.gure 7. PB-s means a Phone Booth server object and PB-c means a Phone Booth client objec: 
and so on. 

In this embodiment, the client objects are implemented as NewWave objects ie. several new classes of 
NewWave objects have been added: Venue objects. ROAM objects. Whiteboard objects. Phone Booth 
objects. Thus the semantic part of these functionally split objects runs cn an HP-UX server and the user 
interface runs cn MS-DOS NewWave client workstations. 

The client workstations are each running an object-based system of the type described m European 
Patent Application No.339220A. the descnption of which .s incorporated herein as Appendix A. Appendices' 
A-0 mentioned .n attached* Appendu A are not attached as part of this application but are incorporated 
herein by reference. Appendix A describes how objects are imked together oy parent-child links and how 
^ Objects can be copied. Ounng a copy operation, the container of the oojecl to be copied sends a message 
to the 0MF2a asking the OMF28 to copy the reievant object and identifying the container object which -s to 
receive the copy object. 

The OMF28 performs the copy function and then sends a message to the target container object 
instructing n to insert the copy oojeci as one of us child objects. 

Mailing an object involves senalising the object, transmitting it to its destination and aeser.alising .t 
Serialising an object involves converting u to files, say DOS files, containing the data of the object and 
information about its properties and its child otjjects. 

Sen/er objects are not linked by parent-child links ^n the manner m which client objects are so imked. 
All client objects contain a reference to their associated server object. Figure 3 shows the form of oata .tern 
60 used to name objects. The data .tern 60 .s an e.ght-Oyte array following the convention used for Internet 
Protocol (IP) addresses. The first 64 p.ts .s a machine identifier M I 0 comprising a 32 bit server IP address 
ana a 32 bit machine iP address. For a server opject the server IP address and the machine IP address w.ii 
be the same whereas for a client object these wiii be a.ffereni. if there -s only one domain per machine the 
domain Identifier 0 1.0 is zero. The object identifier O i 0 comprises a 32 b.t generation count and a 16 bit 
tag. The i6 bit tag umouely identifies me object withm the relevant storage domain. Since lags are reusable 
when an object is deleted a generation count is used to ensure that each object .s umquely-named m time. 
The generation count is simply the time m seconds. 

When a client object .s dosed (inactive) .i appears as an -con on a user's screen. The user ooens the 
object by clicking on the -con Ooemng a client object causes .t to sena a rnessage to its associated server 
object informing the server object that the client object .s now active -.e a Here Am I message Until then 
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Figure •* shows video facilities for a client workstaiicn, 

Figure 5 shows a video network structure: 

Figure 5 illustrates the main objects m the system 

Figure - Miustrates the functionally split nature cf the oo,ec!s m me system 
s Figure 8 Shows the maior components cf the system infrastructure; 

Figure 9 shows a typical Venue: 

Figure 10 shows a Cof^edian directory: 

Figures Ti v M Tilustrate message'sequ^^^^ 

i-igures 1 5 • 27 show screens during a tyccal user session. 
■0 The mam componeois of a multi-meoia distriDuteo ADie'ci-hacp,- -n^i^.,^-,. 

•nvention w,ii first be described. •-onlersncmg system according to the 

Referring to Figure i. a multimedia distributed .-"hiect-hawH 
present mvenuon is indicated a. .0. The system lO com^ 'ses "'1. s '"'^""^ 
network ,2 .ay be a wide area network ,WAN, H a ^ 'ne^^^^^^^^ 

network (MAN, Client workstations c are connected o each o ,h! « c = ' °' ' '^^•^^P""''^'^ ^'^^ 
Servers S communicate wi.h each other oTopen no v,r" ° ' 'TT ^ '^"'^'^^^ ' ^ 

principle. Client woikstat.ons C could cornmun^ca e ^^'4 " ^^ac '''''''' 
and therefore each client workstation C has only one Ji tual ch!nn^. 

c:ien, .orks.at.ons to communicate w„h each other "^Tserle^s S ' '° 

.'0 Referring to Figure 2. each server S comprises; 

hardware 14. such as an HP9000 300 HP-UX .-.-.mputer . up , . ^ 

Company): -.'npuor i..h ,s a trade mark of Hewlett Packard 

operating system software 16, such as HP-UX software 

Remote Obiect Access IVIanager (HOAM) software 18 for man^ 

workstations C connected to the server S and other servers on tf!e MeTo^k ' ""^ 
COf^ software 20 providing object management facilities; 
server objects 2i which are objects to be sharen hpr-y«6or> c= o ^ 
Object parts mentioned in the introdLcricn '"^ correspond to me semantic 

Each client workstation C comprises; 
^o hardware 22. such as an IBtwI-AT compatible PC; 

operating system software 24. such as DOS softwaie 
windowing software 26. such as MS Wirdows aoplicat.ons softwarP- 
an Object management facility (OfVtFi 28. such as a Standard NewWave omp ,mo 
mark Of Hewlett-Packard Company used for a family of application "soflaVe, " ' 

^5 odiects software 30. such as NewWave obiPrr<; ;irn - , 

oreser,a„on obiec, carts menfonM ,o ine ,n„M«t,cn ' """K"" '0 me 

0 server S. ..ansm.tted over the network I2 via the associated ' 

The system lO provides multimedia faciiiliee to ue^te Por av.,™«i.. ^ , 

a. „ » . j.a, :Sex aS; ^.j^-rr :r, - 

fu„«„™o.,, ,« c«eo, »o,«,„„n, c ,.a, .e „„e, .„„ .„eo .:a,« „ a „,e, ,o .,o,o ,„ 
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Button Appearance 



Meaning 



Red 



No outton 

While, unhtghhghted 
Black 



This person does not have this meoia channel available. 

The media channel ts available, but not chosen for use. 

The media channel has been selected, irut is mactive because the person 

IS not present to the Venue or :he connection has not been completed yet. 

The media channel is Detng used. 



The lower portion of the Venue is taken up by the shared oDiect area 73. This acts as a shared foioer. 
storing objects on the server and making thern accessible to all users of the Venue. Inactive obiects are 
represented by an icon such as icon 38 m Figure 10. Obiecis m the shared obiect area 78 may oe client 
objects e.g. Whiteboard client oojects. or may tse standarc NewWave obiects. it ts possible to move objects 
into and out of the shared object area 73 of the Venue-client obiect. fvtovmg a functionalty-spiit obiect such 
as a Whiteboard object mto the shared object a»ea 78 oces not entail moving the Whtieboard-server obiect 
but just the Whiteboard-client obiect. The OMF28 instructs the Venue client obiect to insert the Whiteboard- 
client object as one of (ts children. The Whiteboard-c!ient obiect is then senalised by the Venue-client 
object ana sent (o the Venue-server object. The Venue-server object updates its other active Venue-cltent 
object wtih the news that a new Whiteboard object ts available in the Venue and these Venue-cMent objects 
disciay the Whiteboard-client object icon in their shared object areas 78 accordingly. The Whrieboard- 
server object remains on whatever server it was initially stored. Subsequent opening of the Whiteboard 
Object by any of the users cf the Venue cause a copy of the Whtteboard-clieni object to be senalised by 
the Venue-server and sent to the relevant client-workstation where it is deserialised providing access to the 
contents or the Wmtedoard object for that user. When that user subsequently closes (deactivates) the 
Whiteboard object, the copy of the Whiteboard-dient object remains on that machine for subsequent use. 

In contrast, if a NewWave object icon is moved mto the shared object area 78 of a Venue-client object, 
this causes the NewWave object to be serialised and sent from the client workstation to the server machine 
which stores the relevant Venue-server object. The Venue-se.-'ver object then instructs its other active 
Venue-ciient objects to display the relevant NewWave object icon. Subsequent opening of the Newwave 
Object by a user of such an active Venue-client object causes a copy of the NewWave object to be made 
ano sent to the relevant client workstation. Each such user thus obtains a separate copy of the NewWave 
object and changes which a user makes are not reflectea m the copies held on the other users' machines. 
This IS a consequence of the non-functionaiiy split nature of NewWave objects and is an impiementational 
feature rather than one which is important to the present tnvention. 

There is one Phone Booth server object on every server machine, and one Phone Booth client object on 
every client workstation. The Phone Booth client object arranges for the creation and activation of Venue 
client objects on client workstations and the Phone Booth server object manages the creation of Venue 
server objects and the convening of Venues. On opening a Phone Booth client object the user is presented 
with a directory 90 Of oossibie meeting participants as shown m Figure n. The directory 90 comprises a list 
92 of potential participants, an area 94 for displaying a picture of a participant, a m.edia selection area 96 
and an options area 98 displaying three options: Convene Select and Cancel. Unavailable media options 
are greyed out m the area 96. 

When a name is selected by choosing the Select oction and then selecting a name from the directory 
90. a picture of that participant appears m the area 94 as shown. The media connections are selectable by 
Checking the relevant boxes in the media selection area 96. Checking the box beside the name of the 
person in the area 94 ados that person to the list of Venue participants. In addition, the initials of the media 
options Chosen (Phone. Video, Data) appear against the participant's name m the list 92. A previously 
selected participant can be de-selected by oe-iheckmg the box beside the name of that person m the area 
94 Taking the Cancel option means that none of the changes made since the window for the directory 90 
was brought up will be implemented. The Convene option win be described later. 

There ts also a Connection Manager obiect on each server machine providing the facility to interconnect 
users using different mecia. The Connection f^anager jpieci handles the generic operations involved m 
establishing non-data interconnections. Dnvers for each medium available, eg. video, telephone, handle the 
specific operations involved m carrying out switching reouests ounng use. The Connection fvlanager object 
performs the following services: 

maintains a list of meoia resources available m the system 

• detects wnen resources fail 

• monitors resource Channel availability (;e. monitors, microphones, speakers, cameras): 
sets up connections cetween peopie usmg oifferent neoia- 
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the server ot,ec: -s unaware of the existence of me ri.ant obie-t m ^rhor ^« h , 

- --^ers.,ent ano 'wea.' ,.e. the 'e.:. en f s ! . ot '^t I?:?" 

existence of a corresoonOmg client ob.ect and v.rp.ver<a sLl n^ZT 
corresponding Chen, o5,ects w^n are c rren.iy acri:. o";'^ 
^ tne state of tne C.ect ana can ,na.e .npu, to .t The -.^^0 ec, r; ^ a 3^^^^^ ' ^'^^ 
server ooiect ^etjuiari/ updates, end is upcated £>y, the 

ngurs 9 depicts the components involved m 3 typical active orvPr oh,»r. k k 
- Client ob.iects bn two differsnt-^ vvorkstationrc. ann C 'S. associated- w.tn 

ccmp.s,ng cor^ponents identify.g ,ne reieL^t-^ie^^'er .TnrS t ^r^eram s^" 
•0 nurroer for tne particular object. On the ci.en, side -he 5yct;m ha's lr oh . - rl ' 
for .eeoing a record of what obienc are ore"n.l3'-in VJ". ' "'^"^^^'^^nt facility (OMF) 60 

-n ob,ect .:reat,on and deletion oJ e'crna^na o,e.^ r, ? ^""^ ^^''^'^ '-"'--^ 

^outing. r.is IS a stancard NewWa e 1°'.^ ^ 'T " ^'f '^""^^ 

s-aticaily hoked to eacfi client obier-t CO T. ^ T ""^"^^er library (COt^Lie-C, 61 

s other words, the COML.B-C 6. ts been addl^^^^^^ T'r '^^ '""•'"^"'"'^ ^' ^ "^^"^ 62. In 

f.nc„onai:y split objects. CoLun::a n hTo h^.h^Su^^^^^ n^T'l" — 
need ,0 .now the object identifiers of other oo.eas h^I'.ocat on" " '^"'^ 

..n?:rob?ernar:g'td :e«sr're:criTr^'^^"' '""-^ ^---^ --g. 

. 84 . server ob,ect manager t.JlrlTcOMLrSilrr.i^c^ ^^^^ 

^^^wu::ire~^^^^ 

Client Object 62 pa se the r^essaoe .0 the ROaT''' ^"'^-esponding server objec, SO. the ROAM 
server ob,ec. SO Messages "0" me er-^er ^t.^^ in7 i"'"" "^""^^ °" '^e 

message ,s to be sent ^etwe^ :t"s 0" 3 ° ^^^^T^^^T^ ^^-^ " ^ 

involvmg the ROAM server object 66 Messaaes are ait^llnTi? ^^^^^^'^ ^ends it directly without 
- - - '^ay. communication r.^a^^^^^^^^^^^ 

'^a1^:r-ort?;:cL^^^^^ - -c;^—^^^^^^ 

.ee:n^:::;%^;rons:,~ - Pe^3on-to-person c3..s. group 

- are snanng. 

e.xact number is sub.ect to technical constraints V^T l ' ° '° ^""^ '^^ 

between two people, bu.id up as ^Derts are hrn I? ' "^^""^ '° °" ^ 

.eclde ,0 .ove to a d.fferenTCra:: TZ:^ ^ . 

venje^rrbj^cfs^ rder .r^^^^^^^^^ - ce. wor.tat.ons have 

ois - 
navir^r^tii^bar^ra^d^rnrprz:' ^to^ ^ ^^--^ ^^-^ - ^ — 

can be seen and where Lir medt^ channl '.n t '^'^ where the people m the Venue 

Objects for use in the meeCng aTe stored ^'"''"^ '''' ' '''''' '8 ^^-e 

The participants m a Venue are disoiayed -ide bv -lae v.th o=,rH 
st.l. bitmap 80. a name 82 accompanied by an nd!c t on w Ve Tha^l?:"' ' 
absent ano status banner 84 indicating that an ab J ^cer h s ^etn . w "^^"""^ °' 

-edia control buttons 86. The bitmap 80 may bf ep^ced bv f Z 'I ' ' ' °' 

-noows ,s available and the video channel .s .n use °" """^ 

Beneath the participants' area are three media buttons 86 for 'eiPohn.. h 
can be m one of four states. The states are: 'Siepnone. video and aata and each one 
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'A^orkstation S to the Phone Booth server obiect PB-s. if the invitation >s accepted a Create Venue message 
(referencea 6) .$ sent from the Phone Booth ierver obiect PB-s to the Phone Booth client obiect PC-c 
which causes .t to create a new Venue client obiec: V-:' on client workstation B involving sending a Here is 
Parent message (referenced 7) to the new Venue • client obiec; V-c to notify it of the identity of the Venue 
server object v-s. The new venue client ociect V-c then sends a message (referenced 8) to the Venue 
server object V-s requesting information about the contents of the Venue. The reply from the Venue server 
object V-s is referenced 9 m Figure i3. 

fviesscges corresponding lo those referenced 6-9 are sent bet.veen the server S and client workstation 
A so as also to create a new Venue-chent obiect V-c on that workstation and these messages are 
> referencea iO-i3 m Figure 13. 

Finally, the Venue server object V-s sends a request neferenceC i4i to the Connection Manager obiect 
CM to set up the chosen media connections and the Ccnnecticn ivianager obiect instructs the relevant 
media drivers accordingly (dotted line referenced 15). 

The users of client workstations A and B can then .;ommunicate usmg the newly created Venue 
It IS also possible to convene an existing Venue by selecting the Convene option w.thin the Venue 
This initiates a sequence of events whicn will oe described with reference to Figure 14. Again, a server 
machine S and two Chen; workstations A and 8 are represented. 

The user sele:tion of the Convene option is referenced i m Figure 14. This causes the- Venue client 
obiect v-c to i-end a Convene Request message (referenced 2) to the Venue server obiect v-s which 
notifies the Phone Booth server object PB-s of the convene request in a message referenced 3 wh.cn 
Identifies the intended meeting pamcipants. The Phone Booth server obiect PB-s sends a Ring me«age 
(referenced 4) to the Phone Booth client obiects PB-: on the /.orkstanons of the intended meeting 
participants causing a dialogue box to be displayed on these workstations mviting the users to partake in a 
meeting. When these users accept or decline the invitation this causes a reply message (referenced 5» to 
be sent from each Phone booth client object PB-c' to the Phone Booth server object PB-s. 

The next step is for the Phone Booth server object PB-s to instruct (message referenced 6i the Phone 
Booth client objects P8-c^ to create new Venue client obiects V-c on mschmes where a Venue client obiect 
linked to the Venue server obiect V-s is not already stored. Such new Venue ciient obiects V-c then sena a 
message (referenced 8) to the Venue server object V-s requesting mfc-mation about the contents of the 
Venue so that the appropriate icons can be displayed m the shared area 73 of Figure to on the respective 
client workstations. The reply message containing' information aoout the contents of the Venue from the 
Venue server obiect V-s is referenced 9 in Figure 13. 

The Venue server obiect V-s then sends a request (referenced lO) to the Connection ivtanager object 
CM to set up the chosen media connections and the Connection fvlanager object instructs the relevant' 
media Cnvers (not showni accordingly (dotted ime referenced iii. The distributed meeting can then 
proceed. 

A user can also set up a new Venue by selecting a Create a New menu option in NewWave Office 
_ (Figures 14-17 of Apoendix A). On opening the new Venue-chent obiect a Venue-server object also needs to 
be created. Figure 15 depicts the process. A server machine is indicated by S and a client workstation by 

The act of opening the new Venue-ciient obiect V-c causes it to send a message (referenced i ) to the 
Phone Booth client object PB-c which triggers a message (referenced 2) to be sent from the Phone Booth 
client Obiect PB-c to the Phone Booth server object PB-s requesting creation of a new Venue server object 
V-s. The Phone Booth server object PB-s creates a new Venue server object V-s using a Venue Start 
message (referenced 3i. Next the new Venue-server object v-s sends a Here Is Parent message 
(referenced 4) to the Venue-client object V-c containing the lO of the Venue-server object. The new Venue 
client obiect V-c then sends a message (referenced 5, to the Venue server object V-s requesting 
information about the contents of the Venue and there .s a corresponding reply (referenced 6) from the 
Venue server object. 

It is possible to add new meeting participants to an active Venue by selecting an Add New Member 
menu ootion. This causes a directory of potential participants to be displayed as shown m Figure 1 1 to 
enable the selection of one or more further participants and associated media connections. Information on 
these choices is conveyed from the Venue client object to the Venue server object which updates the 
control panels of the relevant Venue client objects. Chosen new meeting participants are not aware of any 
change until someone convenes a meeting. 

When a user elects to close a Venue by selecting a CLOSE oction this causes a message to be sent 
from the relevant Venue-client object to its Venue-server object informing the Venue-server object that the 
Venue-Client object is deactivating. The Venue-server object then messages the Connection Manager obiect 
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■ point-to-pomt 

• multi-point: all that are available 

maintains i.st of established' connections and ensures synrhr.nnrat.on w.r. .rh^. not . . 
a noaei of (he state of other networks. mamtams 
ODt.m.cec switching to prevent unnecessary disconnect -connect transactions- 
orovices an interface for momtcnng ana auditing; 
provioes interface to media drivers. 

Another-fJHcTionairy spfroo,ecrwh,ch ,s prov-ded m tn,s system - meWbtebcard A WhToH h V 
orcviaes userj w,th a shared comouter •)vh,teboa,ri far,, ,. ,1 wmtebcard. A Wh,teboard ob)ect 

same w.„eboard on d.fe.eo? cen. worsu,":" TH^^ ne Te': ^cf "'"'T' 
med.m .n.ch allows users to .00. at a p.cture of w.at ,.ey are o'sL^ nV 

.3 .evoted to d,sp.ay.g t.e cor,te4 the Zrl^Z' . .ase^aZV^o ' t'^ 
Hew,ett.PacKard off.ce. At the sottcm of the .mdow ,00 s an a e'a .08 LTcVnT"'^ " " ' 

are ava.iab.e to the user of the Wh.teboard. These moi °.ompn4 ^ " °' ''"'^'^ 



JO 



^0 



^5 



a scroller 
a pointer 

a selection of different coloured pens 
an eraser 
a text selector 



1 10 
U2 
1 14 
116 
Its 
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Apart from the pointer tl2. the tools are nprcnn-i ^/^ ^ ^ . 

£:;::riT— ^^^^^^^^ 

workstations A and 8 connected ,0 t^e server r^h np^ I T"' ^ 

Phone Booth client ob.ect P8< Or^ the cer!er Lrh n J •! ^ -or.station there ,s ,n„.ally a 

and a Connecfon Manager ob.ec^CM ' ' """"^ ^ °^'-<=' "B-s 

,efere:c:d^rTo^;7p^orBr^^^^^^^^^ ^ - 

Booth c:,ent ob.ect PB-c to the Phone Boomterve? 'I'' T 

Booth server ob,ec, to create a new Venue s^fverob'ecrX uiro 7^0:^81'^''"" ' ""''"^ 

The Phone Booth server obiect PS- then ^ends a R no ^ " , "'^"'^^ (referenced 3). 

obiect PB-.: on client worKs taiion 8 caus no a d .iL referenced 4, to the Phone Booth c<,ent 

:or.soond.ng message .referenced 5. to be sen.^rom 4%;^ t^n'^^ Z^T^tc" ^^^^en^ 
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To "open" an obiect. the user double ci.cks on the relevant .con Referring to Figure 17 Martm has 
ooened the Proiect Meeting Venue which is shown m a -vmoow i74. The w.naow i74 has a menu bar 1 76 
wnich has similar options to the menu bar 130 of ihe A-maow 126 except a fvteeting ootion msteao of the 
Setting option. The window 174 displays a participants area 178. shtwmg only Martin, and a shared items 
5 area 180 which is empty. Underneath a bit map 182 of fvianm is a name bar i84 which includes a 
notification of presence and three media control buttons 185-7 for Phone. Video and Data respectively Oniy 
the Data button i87 is highlighted m this example, ie. blacked out m Figure 17 

On selecting the Meeting option from the menu oar 176 of the window i74. a CoMedian directory 
window 190 apoears. Figure 18. The reference numerals for the CoMedian directory wh.ch were u«ed m 
:o Figure n will be retained here. Martin selects the name Richard Jennmgs from the list 92 of potential 
participants causing a picture of Richard to appear m me area 94 together with crosses m the vioeo and 
■tiaia boxes m the area 96 to indicate Richard's media selections. Th-s means that Richard will be contacted 
through the system .'or data sharing with both video and audio travelling over video connections Martin then 
Clicks on the Convene button in the options area 98 to add Richard to the Venue which causes Richard's 
rs image to lom Martm s image m the Venue as shown at 192 m Figure I9. Richard is marked as absent at 
194 and a banner 196 .s displayed indicating that he has been invited Martin has selected both video and 
data connections for himself m order to match what was selected for Richard. This causes the video and 
data outtons 186 and i87 to be highlighted in a first colour to show thai they are currently m use albeit only 
locally to Martin's own workstation. Richard's video and data media buttons i86a and i87a are highlighted 
20 in a second colour to maicate thai they have been requested out are rot yet in use. 

While waiting for Richard to jom the Venue. Martin is moving tnc Design Notes and Design Principles 
obiects 170 and 172 into the shared items aiea 180 of the Venuo by clicking on each obiect and draqqinq it 
to the area 180. ^ 

Moving now to Richard's, workstation, shown m Figure 20. the invitation to join the Venue has rearhed 
.'5 his macnine and has caused a bell 200 to apoear at the bottom of his screen. The bell 200 is flashing and 
making a ringing sound to attract his attention. Richard clicks on the bell 200 and the result is shown ,n 
Figure 21. An invitation message box 202 is brought up telling Richard that he has been mvited to a 
meeting and giving the name of the meeting and tne name of the person who conveneo the meeting The 
invitation message box 202 compnses two options: Accept and Decline. Richard clicks on the Accept option 
JO to accept the invitation to )Oin the meeting. 

Reierring to Figure 22 accepting the mv.tation causes a Venue client obiect automatically to be created 
and a window 204 to be opened for Richard. The chosen media connections have been set up so that 
Richard can now see and hear Martin and the objects that Martin has placed into the shared items area 180 
are available to him. Figure 23 shows that Martin can see the same Venue having the same contents on his 
-.a workstation Referring to Figure 24. during the meeting. Martin has opened a wmdow 206 on the Design 
Notes whiteboard obiect. Mart.n informs Richard of this so mat Richard can also view the whiteboard obiect 
and then both Martin and Richard can scribble on the whiteboard and view each omers input. When their 
_ meeting is finished both Martin and Richard close and save the Venue. 

Figure 25 shows the Venue obiect 163 saved m Richard's NewWave office, in Figure 26. Richard has 
'O lust opened his NewWave office and is viewing the Venue 168 m a window 208. Martin is not present 
(although he would be if. comcidently. he had h.s Venue open at the same time as Richard. In that situation 
the relevant media connections would automatically be set upi. Referring to Figure 27. Richard has selected 
the Meeting menu .tern using the cursor 210 so as to bring up the CoMedian directory 2i2 and he has 
selected Ed Oav.es .n me manner previously described. Ed Oav.es does not have video capability instead 
.5 he IS selected by telephone. Clicking on the Select button w.ii cause Ed to be added to the Venue without 
beginning a Convene operation. 

Referring ;o Figure 28. Richard is about to imt-ate a Convene operation by selecting the Action item 
from the menu bar 214 of the window 208. and selecting me Convene option from the corresponding menu 
216. Since Ed aces not have video capabilities, the audio from his telephone would be mixed into the video 
fo feed into Martm and Richard and their audio signals would be sent to Ed's telephone during meir distnbuted 
meeting. 

Turning now to Figure 29. a new session is beginning on Richard Jenning s workstation. A window 220 
contains fl-chard's NewWave Office, Richard has created an outgoing message represented by the .con 222 
called "Meeting Request" (using the "Create a New" option from the Action Menu • see Figures 14 to 1 7 of 
o Aooendix A) In Figure 30. on opening the outgoing message 222 it ,s displayed m a wmdow 224. Richard 
nas completed the distribution iist 226 and written a cover note 228. 

Referring lo Figure 31. a new Venue-ci.ent obiec: reoresented by the .con 230 is created (again using 
the Create a New" option). The Venue-Ment obiect 230 is copied and oraggeo into the window 224 
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to disconnect the media connections for tne Venue-'iiAnt ob,^ri wh„-h * . 

ooiect sancs messages to a., of .ts other Venue-cLm^.U n^no , e^, ^ 

particular Venue-cHen, ob,ec. so that t.ese other Venue-cnen, ocecH te t'eTao aranr.' ° 

tne relevant meeting member ,s now absent. ® appearance to .occate tnat 

5 Another way o( setting up a distnbutea meeting ,s for a user to roov an ex.ct.nn uoo. « k 
the desired meeting participants. A Venue-cen, ob,ect .c , .et'ence to ^ VPn I ? ^'"^^^ 
venue-c:,ent ob,ec, to other workstations creates a ' efer;nce t tTe e evan ' T ' 

messace .s rrpafpn in fho n^.rr,,. message, hor this ODtion. an electronic ma t 

ciidt,e ts createa m the normal manner e.q. usmn Hpwiatt.pArUarri*e m« ia/ , 

JO such as a network dnvp> Th,» f:i<. 1 ! ^ """"y '^'^^ o"^er shared medium 

oarticiP^nts^ttsr^i'se";;:^^^^^^^^^^^ ^ - -eting 

cbiect and thereby means for accessing the Lsooated Venue 'e ver .^^^^^^^^^^ ' " ' ' 

distributed, meeting. °'<^e^ 'o 'a^e part .n the 

A new Whiteboard-client object can also be created usino thP "Proa,^ a ki - 
« Office. On opening the Whiteboard-client object a n;rwhZo J. « ! 
orocess IS analogous to that described " e^e ce rC V'^^^^^^^^^ 

with references to Whiteboard objects replacing references to Venue objects 

venufobec'rv't uLr^r''"'- ' ^^'^^t '^^n moved into the shared „ems area of a 

• users on e v'nue ob ect therebVn 'n'^ Whiteboard-client object to be made available to the other 

.0 An " ^"^^ '° ""^ «scc.atec Whiteboard sender object to these users " 

* ^z'l r.r ' ' s=-<«'. 

a title bar 128 carrying the title "NewWave Office" 
a menu bar 130 offerrng the followtng options: 
Action. Edit. Objects. View. Senmgs. Task and Help: 
a system menu box 132: 
Size boxes 134 ana 136: 

a vertical scroll bar 138 w.th scroll arrows 140 and 142 and a scroll box 144- 
=0 a horizontal scroll bar 146 with scroll arrows M3 and 150 and a scroll box 152" 

hand side represent work-related items: especiiveiy on tne lert 

'Project Meeting" a Venue-client object representing a reference to a Venue server object on the 
local server machine: 

"Design Notes" a Whiteboarccnen, object .eoresenting a reference to a Whiteboard server 

object on the local server machine- 
•Design P.nciples" a NewWave document object fuiiy contained on the client workstation 
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Brier Description of the Drawings 
Figure 1 is a Dlock diagram of a computer in accordance 

with the prer^rr^<L eobcdifflent of the present invention. 

Figures 2 and 2k show block diagrams which .illustrate 

the relationship b e t w e e n o b J e c t s , applications and data 

files in accordance with the pr^Cerr^t emhodioent of the 

present invention. 

Figure 3 shows a plurality of objects linked in 

accordance with a preferred embodiment of the present 

invention . 
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a<spiay,ng -he message. This is achieved by ciickmc on me ,.-on ?-in -n^ , = 

-asg.ng .e ,con ,n,o .he message. <Th.s ,1 an al.e'na v m^od he'^^^^^^^^^^^^^ 

procedure descr-ced wuh reference ,o F,g..es .3-20 o, Aooend-x a\ T e%T,?2 ahl'^^ 

P^gure 32 Shows that me message new contains a r.rv In , ^^'^ ^ 

224 IS then cosed (Figure 33,. To send the messao: 222 . an oe I^^^ 

This causes a copy of the message, mccnq the Sn.e -i;e " b e.f !n' . T'^ " '"^ ^'^^ 
ceopie on the oistr,t:ut.on i.st. The Out Trav 'Zn P^! , '° '° '^^ 

-compon.nts-to ena..e-these to be transm ted ie^^^^ 

<ha -n T.-ay oo,ect represented by ,con 236 oe%r a* 'ec e l^"! ' " ' oesfnations. 
viewed and mamnuiatefl h. ,h» '"^.^age compcnems so that mese can 



le 



viewed and mampuiated by the recioienf- Th» "---°ye components so that mese can o 

message and mto ,he,r J. UwX ^ Ofiice IX-rSo, tn"' 

open their venue-c:.en, objects to beq.n ^ Lr TZ T '"^ '"^^ Participants 

Shared Objects e.g. a WhiteUd^^ an^: o "e'r^t^.^^^^^^^^^ ^'^^ 
telephone and video interconnections For e<amnie L ' J ^ ^ 'r^teracnng mrougn :he,r 

relayed to the Whiteboard server-ob.ec w'^n' poat. 7tnZ T '° ' ^^"-°-^-"ent cb.ect 
Client Objects of the changes. ^ "'^^^ corresponding active Whiteboard- 

Aimough only Venue shared obiects and Whiteboar.i «ha,or. ^k^., 
embodiment, it ,s envisaged that farmer oossZ t e' S h oble "T'" '° ' "^'^ 

structurer object and tools to control the pxte'nai mVdi , ' ' ' '^'^^^"^'^^ 

cassette recorder controller. ' ^ '"'^^^ '"O""^' "manager and a video 

servi/urn^rbrihr::;:: :;";rco°.;' '"^-'"^•^ -^^^ • ■^^'^-.ed 

messaging infrastructure. ' """" worKsta.ions given a suitable .nter-oojec. 
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Figure 73 shews a &lccic diagrac of the organizatior. of 
H POM.-. CAT, a aystea file inclucied ir the OMF shown in Figure 
7 2 . 

Figure 7^ shews the relation between a global parent 
and glofcal objects in accordance with the preferred 
eabcdiient of the present invention. 

Figure 75 is a block diagraa which shows how systea 
files within the OMF shown in Figure 72 accesses data files 
and applicaticns froa: a ctecory shown in Figure 1. 

Figure "6 is a block diagraa of the organization of the 
E e c o r V s h : w r. in Figure 75. 

Figure' 77 and Figure 79 show objects and links in 
accordance with the preferred e=bodiEent of the present 
invention. 

Figure 7? is a block diagran of the organization of 
HPOMF.XRF, a systec file included in the OKF shown in Figure 
72 . 

Figure 80 shows a view specification record in 
accordance with the preferred enbodiment of the present 
invention. 

Figure 3t shows the use of a snapshot in accordance 
with a preferred eobodiocnt of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a ^reCerred embodloent of 
the present invention. 
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Figure a s^.cw; a series or o^jecta serving as folders, 
as parents of objects c or. t a i n i :^ g data, i r. accordance w.t.H a 
preferred eibcdi aier.t of the present ir.vention. 

Figure 5 illustrates the screen display which results 
from linking of various objects in accordance with a 
preferred enbcdisent of the present invention. 

Figure 6 shows the linking of objects in order to 
create the screen display shown in Figure 5. 

Figure 7 shews hew three objects aay be linked together 
in accoriar.ce with a preferred eabodlient of the present 
i r. V e n t i c r . 

Figure 8 and Figure 9 illustrate how an object may be 
copied in accordance with a ?rBrerrsd embodiment of the 
presentinventicn. 

Figure 10 and Figure M illustrate the copying of a 
public object in accordance to a preferred embodiment of the 
? r e s e r. t i n V e n t i 0 r. . 

Figures 12 through Figure 7 1 show the appearance on a 
screen of a session in which a user manipulates objects in 
accordance w'.th a preferred embodioent of the present 
Invention. Also shown are block diagraas.of how objects 
appearing to the user are linked in accordance to the 
preferred eobodiaent of the present invention. 

Figure 72 is a block diagram of an Object Management 
Facility (OMF) in accordance with the preferred embodiment 
of the present invention. 
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13, OMr IOC inforaa t.^.e a ■? ? 1 i c a t i or. w.-c.^. object the 
appiicati:-. s.-.ould access fcr iata. That object is then 
coraiderei to be active. An object is inactive when the 
application the object is associated with is not being run 
by coaputer 18, or when the application the object is 
associated with is being run, but i3 not being run with the 
data of that object. 

Active objects can cootcunicate with each other usirg 
messages. Per example i two instances oC application 101 
are beir.g rjn by cocputer lS, one with the data of object 
20 2 ar.i the other with the data of object 203, object 202 
ani object 203 are bcth active. Therefore object 202 aay 
send a =essa£. 2i; tc object 203. Similarly, if computer i3 
is running application 101 with the data of object 202, and 
is running application 1C6 with the data of object 20^, 
object 202 and object 207 are both active. Therefore, 
object 202 oay send a message 212 to object 207. 

Messages, such as message 211 and 212 may be formatted 
to be sent and received by all types of objects. This 
allows for free communication between all active objects. 
This also allows new object types to be defined and added to 
the system without requiring that the existing object types 
be updated to use the new type. 

Each object has associated witn^a set of data files. 
For instance, object 210 is shown to have associated with it 
a data file 221, a data file 222 and a data file 223. Data 
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Figure 8] s.^iCws che 'j ^ r ^ nar*- nr . 

pat., or a v^oy ^.wg^ 



ere is 



3r.a?shot, in accordance w-t-. a pre------ ^^h..- 

"~ ^ ' ^ -ett-ood-i-ffl e n t - o r -t"!", e" 

present invention. 



Description of the PreTerred E^bodi^ent 
Figure 1 Shows a computer ,8 having a monitor a 

keyboard :9 and a mouse 20. a ^or^••on « . 

-or. .on of computer main 

.,.,r>. ,7 , ^^^^^^ ^^^^^^^^ 

"-'.-'^-•■1- .0., a„ .ppuc,..!,. ,02 
an ap.0Vi=3Uo,-. , = 3, an ,0,. ,p,ucat.o„ ,05 

and an application 105. 

or 3pp;icati:ns ,0: to ,06 ,..ore data .sin^ 
Fo.- instance, i application -0, i, 
..".c-n t, .3v, s-.or,d .a-.a ...i., ar, otjeot 202, an op., = t 
203, an oD.lect 20« an<l an o6.',ct 205. Si.ilarly. 
application ,06 i, ,n,wn to n.av. 3tor,. Cat, in a „ o,j.,, 
207, an object 2,3, an object 209 an<l an object 2,0. 0.-,^ 
'00 , = or„ infon=ation i.n.icating object, „ .it» 

= . application. O.J.cta w.ic ane a,, = ciate. vitn a 
'i^Sle application a., oonai.en.c to b. object, of t.e ,a.e 
type, or tne aa.e =la„. ror instance, object 202, 203, 20« 
>n'. 205 are or t.e ,a = e cl.,, b,ca>„e each ia a„ocl,t.» 

application ,0,. Sl.llanl, object, 207, 208, 20, an. 
210 are or t.e cla„ b,c,u = , eac. i, aaaociate. -it. 

application ,06. .u object, or t.e ,a« cl.a, tn, ,a.e 

application. w„„ an aPPUc.tion i, bein, n„„ by ccopat.r 
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chil::rer. ar.t one or irre parents. An object i3 not 
aliowei to Ceccae its o'-n iescendent. 

In Figure 3 is shown an object 30 1, an object 30 2, an 
ctject 30;, an o&Ject 30U, an object 305, an object 306, an 
object 307, an object 303 and an object 309. Objects 30U 
309 have links with reference names which are numbers shown 
in parenthesis by each link. Object 301 has a link 310, 
with reference name " i " , to object 302. Object 301 has a 
link 311, with reference ra = e " 2 " , to object 303. Object 
302 has .a link 312, with reference naoe "7", to object 30U. 
Object 3C2 has a link 3i3, with reference name "8", to 
object 305. Object 303 has a link 314, with reference naoe 
"1", to object 30c. Object 303 has a link 315, with 
reference na=e "U". to object 307. Object 30a has a link 
316, with reference naie " i " , to object 308 . Object 305 has 
a link 317, with re f er ence . narce "7", to object 308. Object 
3 06 has a link 3lfi, with reference naase "3", to object 309. 
Object 307 has a link 319, with reference naoe "9", to 
object 306. Object 307 has a link 320, with reference name 
"13", to object 309. Object 308 has a link 321, with 
reference name "1-, to object 309. Object 308 has a link 
322, with reference naoe "3"i to object 303. 

Object 301 is a parent of 302 and 303. Object 303 is a 
child of object 301 and of object 308. Each of objects 302- 
309 are descendents of object 301. Descendents of object 
303 are objects 306, 307 and 309. Object 309 has for 
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in data fxles 22^, 2 22 an. 221 are in a rora.at which can b 
interpreted by application 106. 

Each otjecT h a~3 ' a s aoVi a t e d wi it "a Ti s t" o T 
prcpe-ties. Each property has a name and a value which aay 
be accessed by specifying the r.a = e . m addition, each cUs 
Of Objects has associated with it a list of properties that 
are co==on to all objects of that class. Tor instance, in 
Figure 2A. object 205 and application 10, are shown. Objec 
205 has associated with it a property 231. a property 23?. 
and a property 233. Application has associated with it 

a property 131, a property 132 and a property 133. 

Property lists can contain any number of properties. 
Each property value can be frcn zero to 3,2762 bytes in 
length. Properties are used to store descriptive 

inforcation about obie-^s an-^ r^ac««e 

v^-jjc5 an. classes, such as naaea, 

coEsents a.^.d 30 on. 

Ot>je = ts may have references to' other objects. These 
references are called linWs. Links are directional: one 
Object is called the parent, the other the child. Each imw 
has a reference name which is a number that is assigned by 
the parent object to identify each of i t s. chl 1 dr en . All of 
an Object's children, its children-a children, and so on are 
collectively called that object's descendents. Similarly, 
an Object's parents, its parents' parents, and so on . are 
collectively called that object's ancestors. In the 
preferred embodiment of the present invention, an object 
Which may be manipulated by a user, can have zero or «ore 
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contains lines of text 5li» lir.es cf text 512. a graphics 
fig'jre 51?, a grapnics fig^ire 5'-^ an^i spreadsheet data 5i5. 
As shrv- in Figure 6, text and fcraatting data is stored in 
an object £il, graphics data for graphics figure 513 is 
5tcrei in an object 6i2, graphics data for graphics figure 
51U is stcred in an object 613 and spreadsheet data 515 is 
stored in object 6ia. Lin'^s that are used to build cocapound 
objects always have sore Wind of data transfer associated 
with the link and hence are called data links. In Figure 6 
is shown a data link 615, a data link 616 and a data link 
617. In dcrusent 510. data froa object 612, object 613 and 
object 6liJ are eerel/ displayed, therefore data link 6lU, 
data link 6i5 and data link 6i6 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window. 

In Figure 7, an object 701. which contains data for a 
first spreadsheet, is linked through data link 70M to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 703, which 
contains data for a third spreadsheet. The first 
^9re^6^teet uses data from the second spreadsheet and from 
the third spreadsheet. Since the first spreadsheet does 
more than xerely display data from the second and the third 
spreadsheets, data link 70U and data link 705 are called 
data-passing data links, 

OH: TOO does the "bookkeeping" when objects are copied 
or Bailed. When an object is copied, CMF 100 makes copies 
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ancestors all of objects 30U.'09. 05 
ancestors ctjects 301, 302, 30U, 305 



:ett 303 has for 
-1- 3 0 9. Ani 30 on 



Other o 



- = --.o,. .... ,,,,,, ^^^^ ^^^^^ ^^^^^^ 

Object. 

Object lir.Vs mav fee u-s-- 'o- va-<^ 

u... .0. various purposes. For 

«^a = ?le, folders eav be i t^e '•^^r.^^r ^. 

. ^- ... cne .ors of objects. The 

chirs,-,. ,^ ^^.^^^^ ^^^^^^^ 

c--.ai.-.i., ....3 r,.. ,,,,,,, „pU=atio„,, 

o.J, = -.s ^^^^^^^ ^ ^^^^^ 

or ...e 3, ^^^^^^ ^^^^^ 

o»> = t cue. f,:,e.. =031 ,„ .0. 

uuo c,n» ro:... uo., „ ^^^^^^ 

co-.i.3 o = j,.-. .05, c,„t,:„ ...... .„ 

t, cont.ln .„ o»J,ct .07, u... to c,„.,i„ - 

.r.d fol... .oj. ^^^^^^ ^^^^ ^^^^ 

= »nt. in .at., .03 

contain, an otj^t uo,, to contain ^.t. , . „. .„ ,,,„t 

"'0, „3« to contain .at.. r,i.,n .0. cont.ln. .„ 

to contain ..t., an ooj.ct .... to cont.in 

"ta an. an object .13, u,.. to contain ..ta. 

« lore sophutlcte. use of Un^ci t. 

ui iinKs 13 to construct 

coopoon. object.. Tor in. t. nee m Fliure 5 . 

rigure 5, a docuaent 5ic 
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162 tr.rcusr. a new link i63i. 0-jec: l6ia ia a copy of 
object !6i. Link I65a is a ccpy cf link 16]. 

, In Figure 12 through. Figur. 7:. it is shown how objects 
are displayed to a user on ncnitor it;. in Figure 12 a 
"NewWave Office" desktop is shown to include icons labelled 
as "File Drawer", "Waste Basket", "Diagnostic", "Printers", 
"Star" and "My Folder". A user (not shown) has .anlpulated 
a cursor 73l, using Weytoard 19 or oouse 20, to select "Hy 
Fclder" . 

Figure 13 shews how the objects displayed on conitor 1U 
are linked. NewWave Office (shewn as an object 700) is the 
parent of "File Drawer" (shown as an object 701) through a 
link 711. cf "Waste Basket" (shown as an object 702) through 
a link 712, of "Diagnostic" (shown as an object 703) through 
a link 713. of -Printers" (shown as an object 7QU) through a 
link of "Hy Folder" (shewn as an object 705) through a 

link 715 and of "Star" (shown as an object 706) through a 
link 7 16. 

In Figure 1U, the user, using cursor 781, has selected 
"Create a New..." m a pull down menu 782. As a result of 
this selection a dialog box 779 appears as shown in Figure 
15. Using cursor 781, the user has highlighted the icon 
"Layout- and using keyboard 19 has typed in the name "Paste 
Up" as a name for a new object to be created. Cursor 781 
now points to a region labelled "OK". Once this region is 
selected, a new object titled "Paste Up" is created, as is 
shown in Figure 16. 



EP 0 497 022 A1 



or iata fil.s aasoriatec: with the c = Ject. if the object 
toeing c.piec has children, c," ^00 also .akes copies of the 

_o t J e, 3 des ce .d e_nt s ... a nd _b_u_i.ld_3 l in k^s _b-e t- w e e „ _ t ^e new 

objects to g:ve the new cocpc.nd object the 3a=:e structure 
33 trie c-iginal . 

For instance. Figure 3 shows object 303, rro» Figure 3. 
an. the descendents or object 308 . Whe.n OMF .a.es a copy of 
object 303. CMF copies each o object 303., descendents and 
the lin.s showr. in Figure 3. Figure 9 s.hcws a copy of 
Object 303. Object 303a is a copy of object 303. Object 
3C3a is a copy of object 3C3. Object 3C6a is a copy of 
otje.t 305.- Object 307a is a copy of object 307. Ooject 

03. -c. j>9. Link 321a is a copy of link 
Link 322a is a copy of link 322. Link 3l^a is a copy 
or link 31^. Link 315a is a copy or link 315. Link3i8ais 
a copy or link 313. L i n k 3 1 9a i s a c o p y o f 1 i n k 3 1 9 • Link 
3 2Ca is a copy of link 320. 

In the preferred eibodiaent. the default behavior 
results in the copy of a parent's children when the parent 
13 copied. However, when a child is designated a, "public- 
it 13 not copied. Father, a copy of the parent includes a 
link to the Child. For l.nstance, in Figure 10, a parent 
Object 16, is to be copied. Parent object l6l is linked to 
a Child object 162 through a link ,63. Child object 162 is 
a public Object. As shown in Figure n, copying of parent 
Object i6i results in new object I6ia being linked to object 
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Ir. Fi£--jre 23, -Jsing c.rsor 7c i , "Paste L'p" (oDject 7CS) 
is shc'-T. eeing dragged to wlnclow 75!.. in Figure Z'-i , the 
process is ccaplete and "Paste Up" (object 703 ) is new i r. 
window rcider". Ir. Figure 25, "Paste Up", shown as 

object 703, is now a child cf "My Folder- tnrougM link 728. ' 

The user sets up oultiple links by using the Share 
coBiar.d. This coasand is an extension of the clipboard 
metaphor conoor in software packages today for coving ar.d 
copyir.g data around the systea. The clipboard is a special 
buffer that the syste- uses to hold data that is in transit. 

Ir. one way, the Share coaiand operates similarly to the 
Cut or Copy cocaand descrited above. That is, using Share. 
Cut, or Ccpy, the user selects scne data first and then 
gives the Share command, which results in soaething being 
put on the clipboard. In the case of the Share command, 
however, what is put on the clipboard is neither the actual 
data nor a copy of the actual data. Instead, it is a link 
to the selected data. When this link is pasted, a permanent 
connection is made between the original data and the 
location of the Paste. Through use of OMF 100, this link is 
used by the involved applications to provide easy access to 
the original data (in its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Office window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up" Cobject 707) being in inverse video. 
Using cursor 78), "Share" from cenu 783 is selected. In 
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Ir. Figure 17, "Faste Cp" is .hewn as an object 707 

linked as a child of No-Wav- "'r^^- 

r..-«a/. ..rice through a link 717. 

-f^e-ta-s-ic^ ci-^pt-c-arcl-^-^o^^ a^e Cu r; Co py" and 

Paste. T^e .ser =.st select the .ata that i. to .e coved or 

copie.. an. then give either the Cut cc.and or the Cop, 

=c«=an.. cut acvea the selected data to t.e clipboard 

^^eleti.g it rroa its original location). Copy ,aWe3 a copy 

or the selected data on the clipboard. The user .ust then 

select tr.e location where he wants the da-;, ^n s 

tne oa.a to be moved or 

ccp.ed to. a.d g.ve the Paste cox.and. This co.=and copies 
'^he contents o the clipboard to the selected location. 

In Figu.-e 13 a user is shown to have selected ".^aste 
UP". The selection is represe.nted by the icon for "Paste 
UP" teing displayed usi..g inverse video. With cursor 73,. 
the user selects "Copy- froo:' a pull down ,enu 783. In 
Figure 13A a Clipboard object 7.0 is shown to be a parent or 
an Object 709 through a lin. 7.,. Object 708. is a copy or 
Object 707 ( "Paste Up" ) . 

A3 shown in Figure T5 n-vt- 

r^tture i':^, next the user selects "Paste'' 

rro. pull down »er:^78 3 . The result, shown in Figure 20, is 
the addition of an object 708. pointed to. by cursor 781, 
Which is a copy o.' the original -Paste Up" object 707. 

In FlS-^^.-e 21, the new object is shown as object 708 
linked as a child of NewWave Office through a link 718. 

In Figure 22, "My Folder", has been opened by double 

clicking the Icon for "Mv Fn'^-.." 

ior My Fo.der" using cursor 781. The 

result is a new window 785 representing "My Folder". 
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■ea-sheet cc.l- cause a graph to be re-drawn, and .pdate 
.£'-.-e in a docurent. Ar.d since an c&ject can have 
cany parents, a single object can be used as "boiler plate 
ror any number of other objects. A change in the boiler 
Plate Will te reflected in all the objects which have link: 
to it. Automated data transfer ia illustrated in the 
following discussion. 

In Figure 3C. window 735 for "My Folder" has been 
closed. :n Figure 3\ cursor ?6l is used to select "Create 
a New..." froc pull do-- c-nu 732. As a result of this 
selection dialog box 779 appears as shewn In Figure 32. 
Using cursor 73i. the icon HPText has been highlighted and 
using keyboard lo t^e nar.e -Sanple Text" has been typed in 
as the na=e for a new object to be created. Cursor 781 now 
points t= a region labelled "CK". Once this region is 
selected, a new object titled " S a = p 1 e Tex t " is created, as 
is shown in Figure 33. 

In Figure 3««, "Saaple Text" (object 709) is shown to b 
a Child of NewWave Office through a link 719. In Figure 3U 
since "My Folder- has been closed, "Paste Up" (object 708), 
link 723 and link 727 are not shown. However, these still 
exist, but are not currently visible to a user. 

In Figure 35, placing cursor 78 1 on the icon "Sasple 
Text" and double clicking a button on mouse 20 results in 
"Sample Text" being opened. In Figure 36, an open window 
789 for "Sample Text" is shown. 
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2^ A 

-Paste -;p" Object 707 t.-cs^ a iin. 722. 



"n^TU.-e wi-.icw"7?5'ha3 beerT activated" 



F r c 3 a 



— .P,,.„ ^^^^^^^ 

= 5, .3 3, i = ,„ ^^^^^^^ 

that " ? a 3 t e Up" C o t e - ^ i r\7 \ • 

^ot.e.. 707) 1, Shared by window 735 and the 

NewWave Office window. r.-gu-- ,0, , 

. -gure 2gA, as a result of the 

paste, "Pasts L^p" is now to ba h.^K 

w.. CO be both a child of 

Clip^:c.a.-d ^2: tr.ro. gh ^ ^^.^^ 

- -.nk Tp. 29. Showing just the 

interconnectior. of ob^e-^s vi^-hi» 

o°-e..s VIS. tie to the user, "Paste Up" 

(object 7C7) is shown t- a , 

t- .e a Child of "My Folder" 705 

through link 72 ■'. ^ •• - - » ^ o > » . ^ „ „ , 

?as.e Up" (Object 707) is shared, 

not copied, "Psste U?" (obi--* 70-1 

^ooj... Tv.,) reaains a child of 

NewWave Office through link 717. 

One key feature of data links is autocated data 
transfer. When a child object is open and the user changes 
a part of ic which is -shared out", then it .akes a can to 
OMF 100. OM.. ,00 chec.s if any of the objects parent, 
"care" about this particular change. ir they care and if 
t^.ey are also open. OH.^ 100 sends to the parents a .essage 
informing the. that new data is available. the parent can 
then send messages to the child to produce or displav the 
^ata. This feature allows the user to establish compound 
oMects with co.plex data dependencies, and then have 
Changes .ade to any sub-part be automatically reflected in 
ether parts. .^or exaople, changing a number In a 
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T^.e result i, tr.e cperin^ and Cisplay of "S-.ar" (o^'lect 706 ) 

"So 

X: ^--"^ use of C'jrsor 75l to 

select selection "Ellipse" in a »er.u wirdow 797 which 
results i. the data within "Star" (object 706) being changed 
froo a star to an ellipse. As shewn in Figure 51. the 
result is a change both in data displayed in window 796 and 
data displayed in region 795 of window 791. 

In Fig.-re 52, cursor 73l is used to define a region 797 
in win-w 79:. In Fig. re 53, cursor 7S^ is used to select a 
selection "Create a New..." ir. pull dcwr. menu 793 . As a 
result of this selection dialog box 799 appears in Figure. 
5«.- Dialog box 799 contains icons for the two classes of 
Objects available which are able to display' data in region 
797 of window 791. Using cursor 78', the icon "KP Shape" 
has been highlighted. Using keyboard 19 the naxe "New 
Shape" has been typed in as the nane for a new object to be 
created. Cursor 731 now points to a regions labelled "OK". 
Once this region is selected, a new object titled "New 
Shape" is created. Data for ".Sew Shape" is displayed in 
region 797 of window 791 as is shown in Figure 55. in 
Figure 56, "New Shape", (object 750) is shown to be a child 
of -Paste Up- (object 707) through a link 760. 

In Figure 57 a window 800 for "New Shape" was opened by 
placing cursor 78 1 over region 797 of window 791 and 
clicking twice on a button on mouse 20. In Figure 58, 
cursor 78 1 is used to select the selection "Triangle" froo a 
pull down <renu 801. The result, as shown in Figure 59, is 
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In Fis-.re 3^ a win-w 79, for "Paste 'Jp- (ciject 
^^s tee. opened by douCle clicking or. tne icon for -Paste 
_^P"_-_ I_:^_f_i5ur_e. J3.^ u 3 : n 5 _C u r 3 o_r. .7^S_T cor.-t ro-M-e d-b y-o ou s e 
20, a por-.ion 7 90 of t e text of "Sample Text" ha3 been 
selected. T^e portion in inverse video stating "fVew Wave 
Office envi ronccent" is portion 790. 

I- Figure 39, cursor ?8l is used to select the 
selection "S.^re" in a pull down »en. 792. i„ r,,,,e .0, 

an area 793 in winicw ygi -=5 ^at^/-*.^-! 

,s selected using cursor 78i. Ir 

Figure iJl, a selection "Paste" -s 5PiArf«H r 

*<»^-e ,s selected froc a pull dowr 

= en. 70U ,3ir.s cursor 75 1. m Fig.re U2, "Sample Text" is 
linked to "Paste L-p" (object 707 ) and displayed text 790 is 
displayed in "Paste Up" window 791. In Figure M "Sample 
Tex:- (Object 70 9 ) is snowr. to be a c.ild of "Paste Up" 
(objec. 707) through a lin. 729. In Figure U2, displayed 
text 79C is Shown in gray because "Star" window 789 is open 
In Figure U , -star" window 739 is closed so displayed text 
790 is clearly displayed. 

In Figure U5, a region 795 of window 791 Is selected 

U3ing cursor 78l. Figure ^.6 shows cursor 781 dragging the 

icon "Star" into region 795 of window 791. 

In Figure U7. data from "Star- (object 706) is now 

displayed in region 795 of window 791. As may be seen in 

Figure as. "Star" (object 706) is now a child of "Paste Up" 

(object 707) through a link 726. 

In Figure ^9, a user has placed cursor 781 over region 

795 Of window 791 and double clicked a button on mouse 20. 



/ 
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Inc.ude t-e data 1 d e-. ^ <• f < r a t < nn 

cation number given to OMF 100 by 

child 709. 

—3,. - r.,„.. ^^^^^^^^ 
rr=. a pun .o.„ ,,,„^,„^,,^^,,_ .ttM, 

o.J.c. ^^^^^^^^ ^ ^^^^ 

M. ... „ ^^^^ 

r.r .Jf...„.„ ^^^^^ 

eMl^ or -P,,,, ^^^^^^^ ^^^^ 

707 takes a call to OMF TOO ask'n* th^t , 

>^ asit.ng that a aeaaage be sent to 

«»J. = t l.e.tin.. ... ^^^^ 

r.,..„, ,,,,, ^^^^^^^ ^^^^ 

-1= Un. , ^^^^^^ ^^^^^^ 

OHr ,0, ^^^^ 

r.cor. r,r ^^^^^ 

P.r.nt ror t, OHF ,00 t, cMX. 70, 1, -oiSPL.r VIEW-. 

APP.n.i. B. ^^^..^^ ^^^^^ ^^^^ 

a .^^n..,. ^^^^ ^ ^^^^^^^ 
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In adiitlon, Parent 707 =ay aend a "GET SI'- 

to c.:i= ccj.ct 709. :„ , -c.T.srzE- p,,,„, 

= o,rSl„3t„ for , ai„uy. 0«r ,00 t..e, th. GET SUE 
fro. p.r.nt 707, .J, „ 

fro. tl-.e .l.v =p.,iric,ticn record for n„k 72,, 
d.liv.r, t.. ,0 cMl. 709. CUI. 70, return, to 

P-.nt 707 o, .r„ 

t.at oMl. 70, woul. u» to .l,pl„ t^e data. .xiov, 
parent ,07 to .„.,f, region reeerve. for .lep..,,„, 

t= fit in the rejlon specified by parent 707. 

wnenN^d.t. rro. , chl-d object le being dlepl,,., . 

parent object, and the cnnd object cn.ngee tn. dleplay.d 
d.ta, the Child Object, notlfle, o«F ,00 that there hae been 
a Change In the data object. r,r e.a.ple. ae deecrlbed 
above, in Figure U7. data fro. -Star- (object 706) now 
displayed in region 7,5 of window 791. ,„d, a, .„ be aeen 
in Figure .8, -star- (object 706, 1, a child of -Paet. Up- 
<o»J. = t 707, through . 5,„„ ^^^^^ ^ 

fro. Child Object 70S to parent object 707, link 7S6 la a 
data link which Include, . .lew ,pe=l f lo.fl.n . 

In rigu.-e .,, the .ethod for changing data in child 
Object 706 1, oho.n. » u,.r place, curaor 78, over region 
7,5 of window 79, and double click, a button on .ou,e 20. 
The reault 1, the opening and dlapla, of -star- (object 706) 
in a window 7,6. u,lng curaor 78, to , elect , election 
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'7". Si 



nee object 671 la a 

13 a foxder, there I3 no view. 

uon 73" would be 



therefore the three bit, within aubcol 
" OCO" . 



1- p,.,„. ^^^^^^^ ^ 

^'5 . pa..„. .„ ^ ^^^^ 

.in. 67, _ 

t 671 680.,, , 

reference raoe "3". 

^Uu.. 7,. ,„ ^^^^^ ^ 

^^'^r,.,. ln=o...„ 73. or 737 c„,.,.,,, 

-ir-. :„ 73a ..... ,,,,, 

the.e is the reference nane Object 
i3 a doc.ent. an. a.3u„in« there 1, a v.ew a3,ocla\e. 
679. the three bits within aubcolu.n 73. contain 

thet^.^eebit3''nQ«anH*«* t-^a 

and entry 739 I3 a view specification 

record . 

Si'il.rl,. .„ ,35 

78. That 1., i„ ,3, ^^^^^ 

»-„t tag .,7.. ^^^^^ 

1" c,l..„ 733 ..... „,„,„^. „,,^ ^^^^^^^^ 

wu.ln 73. „„t,.„ ,,,, ^^^^^ 

TO I, . VI,. jp.oirictlon r.cord. 

I" fU.r. 60, ,1,. ,p.c.„,.„„ „^ ^^^^^ 

= . ri.u 7., wMc. co„t„„, . dat. \..„„ric.t.c„ r,r 
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.nap.hot used in the view, and a field 7^.3 which contain, 
miscellaneous lnfor=atlon about the view. The data 
- - Id-e-nvi-ficatlon- nuc ber -I's- os-e-d-K-y -Vhe child object of -the"- 
link, to deterxine what data Is sent through the link. 

Figures 37 - ^ show the es ta b 1 i shxe nt of a link with 
a view. AS has been discussed before, m Figure 37 window 
791 for "Paste Up" (object 707) has been opened by double 
Clicking on the icon for "Paste Up". m Figure 38, using 
Cursor 78^. controlled by ,ouse 20, portion 790 of the text 
of "Sample Text" has beer, selected. The po.^tlon in inverse 
Video stating "New Wave Office environment- is portion 790. 

In Figure" 39, cursor 78i is used to select the 
selection "Share" in a pull down menu 792. Once "Share- is 
selected, child object 709 ("Sample Text") creates a data 
identification number which Identifies portion 790 of the 
text to Child Object 709. Child object 709 . a Iso causes OMF 
100 to put a link to child object 709 on clipboard 720-- 
Chl.ld Object 709 communicates to OMF 100 through command set 
rorth m Appendix B, attached hereto--. Child object 709 
also informs OMF 100 what data Identification number is 
associated with the new link between the child 709 and 
Clipboard 720. if there Is a snapshot a,poclated with the 
link, child 709 will also inform OMF 100 if there is a 
snapshot associated with the link. Snapshot, are discussed 
«ore fully below. As a result OMF 100 will make an entry in 
HPOMF.XRF 603 for a link between clipboard 720 and child 
Object 709. The view specification record for the link win 
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VS_T£XTDrSKLOC 



'C 



20 



35 



JO 



VS_VIEVCLASS 



JO 



all 
The 



^ile position in HPOKp pbp 
-nere a view, 3^ ch,;acte, 
ual data ID I3 located' 
contains zero if no 
textual data id has been 
defined by the child. ?,e 
low order fiv. k< ♦ , 
n 1 - ^ ; °^ the 

Li! P°»ition are always, 
zero and are thus not 
stored in the Mlsc field. 

\» » »«3»< which 

indicates which bits are 
for this bit field. 

Set if the View 

initialized. if clear, 
infor.ation in the view 
specification is zero, 
heradeci.al nuaber 0000 
0010 is a mask which 
ind.cates which bits are 
"'ed for this bit field. 

Reserved for future 
expansion. The hexadeciaa^ 

Which indicates which bits 
--used for this bit 

Specifies the view class 
the Child assigned to t.Je 
View. The view class 

ines what view methods 
are available to the 
parent. The hexadecimal 

°°f<5 0007 is a «ask 
Which indicates which bits 
flJlT*^ for this bit 



".0 



5J 



through a link 6714 and a oa-•n^ . 

parent of an object 673 through a 

llnlc 675. Ob^#rr u 

O^ect 6,2 ,a, a tag of ",2-. ^ink 67a as a 

reference naoe -1". Ob^e'-^ 671 „ 

^°.e-. 673 has a tag of -19". Link 



/ 
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JO 



J5 



50 



675 .as a reference na = e "7". Reference na„e, are piclced by 
t|^e parent object and need to be unique for the particular 
parent object; howevVr , " o7he ^'pa r e n\ »a y a ve"7 U wiVh' 
the same reference naae provided each reference naae I3 
unique for each parent. 

Figure 79 show, a block diagram of HPOMF.XRF 603. 
HPOMF.XRF contain, an entry for each linW between parents 
and Children. m HPOMF.XPF 6O3 colu«n 73 1 contain, the tag 
or the parent for each link. Colu.n 732 contain, the tag of 
the Child for each link. Column 733 contain, the reference 
na»e for each link. The rir,t three bit pcltion, of colu=n 
733. ,hown in Figure 79 a, ,ub.colu,n 73U, indicate whether 
a View specification file record 1, present ("MOM whether 
no view specification file record follows (-000-) or whether 
the link is between i, a link fro. the global parent to a 
global object ( " l 00" ) . 

As may be seen, entry 735 is an entry which describe, 
link 67U Shown in Figure 77. That is, m column 73 1 of 
entry 735 there is the parent tag -6". i„ column 732 there 
13 the child tag -12- and in column 733 there i, the 
reference name since object 671 is a folder, there 1, 

no View, therefore the three bits within subcolumn 73« would 



be "0 00". 



55 



Similarly, entry 736 is an entry which describe, link 
675 Shown in Figure 77. That is. in column 731 of entry 736 
there is the parent tag "6". m column 732 there is the 
oMld tag ",c.. 3nd in column 7 3 3 there is the reference name 



/ 
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records cannot be iientified by the content within a view 
apeclficaticn file record. HPOHF.XRF 13 increased In size 
16K bytes at a tine. A newly allocated portion of HPOM-.XPF 
13 filled with zeros. File records within HPOMF.XRF which 
are free or which define a link have the following fields 
listed in Table 5: 

Table 5 

P^rentlig Contains the tag (HPOMF.CAT 

record number) of the parent 
object of this link. if this 
field is 0, then this record 
does not define a link and is 
free. 

Contains the tag of the child 
object of this link. If 
ParentTag in this record is 0, 
and this field is also 0, then 
no record beyond this record in 
HPOMF.XRF defines a link. 

Contains the reference naoe that 
the parent has assigned to the 
link. This field is aeanlngless 
if ParentTag or ChlldTag is 
zero. Otherwise, If the top 
three bits of this value are 
110, the next record in the file 
Is a view specification. 

File records within HPOMF.XRF which are view 
specification file records have the following fields listed 
In Table 5A: 



EP 0 497 022 Al 



Table 5A 



Da t a Id 



Contains the value that the 

child has assigned to identify 

the part of Itself that i a' " 

Viewed through the linic. 



be: 



ng 



Sna pshot 



'5 



Contains the tag (HPOMF.CAT 
record number) of the object 
-hich is the Views snapshot, 
if lero, the view has no 
snapshot. For further 
discussion of snapshots, see 
below. 



0 p 



Mlsc 



so 



Conposed of several 
described below: 



bit fields 



VS_NEWDATASET 



JO 



VS_N£WDATAANNOUNCED 



VS_SNAPSHOTOLD 



VS_WANTMESSACES 



so 



Set If child has told OM^ 
that new data is available, 
but has not been announced 
to the parent. The 
hexadecimal number 8000 
0000 is a mask which 
Indicates which bits are 
used for this bit field. 



Set if 
to a n n 
parent 
inacti 
not! fi 
number 
whl ch 
are us 
field . 



child has told OMF 
ounce new data to 
, but parent was 
ve and was not 
•d . The hexadecimal 
tOOO 0000 is a mask 
Indicates which bits 
ed for this bit 



Set if child has told OMF 
that the view's snapshot is 
out-of-date. The 
hexadecimal number 2000 
0000 la a Bask which 
Indicates which bits are 
used for this bit field. 

Set If child has told OHF 
that it wants to process* 
View messages when snapshot 
Is out-of-date. The 
hexadecimal number 1000 
0000 is a mask which 
indicates whic- bits are 
used for this bit field. 
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IFl.-strreeEntry 



Modu ler HeMane 



properties 



Table U 

Is "-1" ir this record defines 
an Installed class, otherwise 
this record is free and this 
rield is the record nuober of 
the next free record, or "0" if 
there are no more free records. 
If the record is free, none of 
the other fields in the record 
13 meaningful . 

Specifies the naae of the 
application associated with 
objects Of this class as a null- 
terminated string. 

Sped fies the number of 
properties, the length of the 
property naaes and the location 
in HPOMF.PRP of the object's 

= description 
of HPOMF.PRP below for further 
<Je.''initton of the structure of 
this field. 

I« figure 75, the relationship of HPOMF.CAT and 
HPOM.r.CLS. is shown. Within each object entry within 
HPOMF.CAT. the record nu»ber, which is an object's tag. 
— e3 as an identifier 650 of data files in a mass storage 
-emory 170 associated with the object. The field 
"Typelnciass" se.^ves as an identifier 651 of the class entry 
in HPOMF.CLS. which identifies the class of each object. 
Within each class entry in HPOMF.CLS. the.field 
"HoduleFileHaxe- serves as an identifier 652 of the 

application file in »ass storage memory 170 which is 

associated with the class. 

In Figure 76. the organisation of a portion of «,ass 

-orage «e=ory ,70 is shown. A root directory 660 contains 

pointers to an HP.WDATA directory 66l and HPNWPRCC directory 



/ 
/ 
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665. HcswPROG directory 568 is the location of storage for 
applicatiors files , represented by arrows_ 6 59.. .HPNWDATA 
contains a plurality of HPCMFddd directories, represented by 
directories 662. 663, 66U, 665 and 666. m the HPOMFddd 
directories are stored data files associated with objects. 
The "ddd" in HPOKFddd stands for a three digit, leading 
zeros, hexadeclnal number. Each HPOMFddd directory has a 
different "ddd" hexadeclaal number. The "ddd" number 
indicates ww.ich HPOMFddd directory stores data files for a 
particular object. Data files for a particular object are 
stored in the HPOMFddd directory which has a -ddd" number 
equal to the tag for the object divided by an Integer 
nuaiber. e.g., fifty four.. Within each HPOMFddd directory, 
riles are stored by tag nu=bers, e.g. data file names have 
the for = at x x x x xx x x . 1 1 1 , where "xxxxxxxx- Is an eight digit 
leading zeros hexadecimal tag, and "111" are a reference 
chosen by the application. 

System file 603, HPOMF.XRF la also referred to as 
SYSXREF. This file Is a list of all the links existing l„ 
the system. It la record oriented, but does not have a 
header reco.-d. Each record file Is either free, or defines 
an existing link, or Is used as an overflow record from the 
previous record to specify additional view specification 
information. Records that contain view s pe cl f 1 cat 1 on s ar e 
called View specification file records. View specification . 
file records can be identified only by a previous record 
Which defines an existing data li-ic; view specification file 



/ 

EP 0 497 022 A1 



7a : 



1 F i r s t ? r e e * n t r V 



Ty?eInClas3 



SysCatFlacs 



properties 



faatpropa 



Is "-1" if tMs record defines 
an object, otherwise this record 
is free and this field is the 
record nu=i:er of the next free 
re:ord, or "0" if there are no 
core free records. If the 
record is free, none of the 
other fields in the record is 
ceaningful . 

Specifies the class of this 
object. This is the nuraber of 
the record in HPOKF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above ) • 

Specifies if the object is 
global if the bit masked by the 
r,i:ztzr 20 ( h e xad eel ma 1 ) is set 
in this byte. In the ^referreil 
erbodioent all other bit 
positions cjst contain "0" and 
arenotused. 

Specifies the nuaber of 
properties, the length of the 
property rataes and the location 
in HPCMF.PR? of the object's 
properties. See the description 
of KPGMF.PRP below for further 
definition of the structure of 
this field. 

Certain object properties, such 
as name, are so heavily accessed 
that they are stored directly in 
this field, rather than 
indirectly In^the properties 
file. Properties stored in this 
field are called "fast 
proper ties.** 



System file 602, HPOMF-CLS is also referredto as 
SYSCLASS. This system file is a list of all installed 
classes in the system. It is record oriented. The first 
record, numbered 0. is a header which contains various 
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signatures (see above) ant is use. to oar. age a list of free 
records. All other records eitr.er define an installed class 
- -0 r---aT e - fre e r' In t r.e " pr"er e"r>'e^ ~er bodi sc e'n t""'HP O^^TCLS "c an ~gr o w' 
dynamically, but cannot shrink. 

Each file record in HPOMF.CLS is thirty. two bytes in 
length. HPOMF.CLS file record 0 (the header) contains the 
following fields listed in Table 3: 

Table 3 

Contains the record number of 
the first free record in 
KPCMF.CLS. or "0" if there are 
no free records. 

Contains the null terminated 
string "HPOMF.CLS" 

Contains the file format version 
nua be r . 

Contains the number of the 
highest record ever allocated 
from within HPOMF.CLS (this 
highest record oay or oay not be 
f ree ) . 



1 F i r s t F r e e E n t r y 

Fileld 
Version 

IMaxPecordHucter 



Table below, contains the fields for file records in 

HPOMF.CLS for file records other than file record 0: 
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serve as a <3ata base t^A- 

^- ^^-5 va. icus inforrDation. 
They provide inror.atlon preperti,, 

c.a„ „ = . ^^^^ 

Objects such as what a - c i i ea - i t 

a.piica.ion is associated with each 

class of object* L.-Hi*. 

oo.ects, what icon represents objects of a 

Part.c.l.. cuss a„ Usts cr .„et ..ss.,.s ,suc« those 

" = in ru.r, J, can processed by obj^t, of a 

P--i-:ar Class. Syste, ra,s 6„.5or also contain 

inrorzatlon about lin.s between ,a.-er.t and cMld objects 

i-l-:n. a Ust Of parents an. reference na.es of each u„ 

rrc« a parent for each object: a Ust of children an. 

reference r.a.es of each lin. to a =nil. for each object, an 

aacitional information to canag. ia-a .,rh.. 

nss- ca.a exchange across data 

links. Additionally, systea "les 6 n i 

..les 601-607 contain general 

information sacn as what fil.s .re installed in th- 
operating syste. for each class that is installed, and what 
" "»-t „h.„ th. OHP ,00 is 



restarted . 



in the preferred e,.odioent of the present invention 

aystea file 601 is referred to as HPOMF cat 

33 HPOMF.CAT, system file 602 

feferred to as HPOmt rrc 

HPOM. .CLS. system file 603 is referred to 

as HPGMr.XRF, system file 60U is refe-r^rt ^ 

13 referred to as HPOMF.PRP, 

system file 605 is referred to as h«»OMF tm.: 

as H.OMF.INS, system file 606 

i3 referred to as Hbome" cnp 

H.OMF.SDF and system file 607 is referred 
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t^-at a triansle Is r.?w display-'^ h-th < • . 
re gi on 79 7 of wi r.cJow ; . 

-"--^^^^^^ 

"S-ew Shape- ^elec.e. pUc.., e..3or 78 ^ over 

region 79 7 of wir.dcw 795, and cliclc-n. a b.^^ 

-'•cx-rig a button on mouse 2G 

In Figure 52, cursor 79 1 is used to s-i^c^ 

CO select selection "Share 

froQ pull down eenu 79^'. F'aur* ? 

-.1 figure 63, cursor 78 1 is used 

to sele:t a regior. 802 of window 791 m r< , 

'V • . In Figure 6 J* , cursor 

'51 is used to select selection "Past-" 'roe . ^^ . 

.roe pull down oenu 

s.a.,.. ,,,, ,,,, 3^,^^., ^^^^^ ^^^^^^^^^ 

.eg. on 802 of window 791. In Figure 66, 

"New Shape" (otject 7 50) is s^eun h« 

IS 3..cwn to have an additional link 

770, rroz its parer!- "Pas'-*, "n" /■ ..■ 

"ci.. .as»e jp" (object 707). 

r.-. r.s.r, 6r, ^^^^^^^^ ^^^^^ ^^^^^^ 

73.. C.r,.r „, ^^^^^^^^^ ^^^^ 

poll ^^^^ ^^^^^^ 

r,,..c„ ^^^^ ^^^^^^ ^^^^ ^^^^^^ 

«ur,o. ^^^^ ^^^^ 

down ,53. ^^^^^^ 

ror S..P.., p,,„,„ ^^^^^^ 

■».w s.,,. (o.j.ct 750, i, ,.o„„ to now ». , ,,,,, 
N.wy.., offic, ,00), through . u„. rao. 

rn Tigu.., rj, o«r ,00 1, ^^^^^^ 

riles; systeo file 60l, systeo f-l^ /^ns 

' 'y^*^ i^-le fc02, system file 603, 

aystea file 60U, system file 605, syste- fM . 

■>' ayscea file 606 and syatea 

file 607. CMC- interface 599 serves aa > r 

' serves as interface of OHF to 



EP 0 497 022 A1 



Slc^al o.-c-., . .e,.:en = e.v. or g-.o.a, object. Al-.^o... 
fUur= 7« only ,.x = e.Jec=3, t^.e „u=..r or 

= onris„ra-.lor., i„ ^^^^^ ^ 

Slotal object byV^-S tha r.r.renc, n.., of ^n. to 

that gjosai o5J,ot rroo, tt,e glooal parent. 

A3 may be seen f-c-^ F'-n-a ■» -s • , 

f.cu.e ,3, file records in 

HPOMF.CAT are numbered con s e^u t •• v# i v t*, 

V. jns ec:uc . vely . These numbers serve 

as tags, which identify each object. 

in .he preferred e=t,di,ent of the present invention, 
each record is 129 bytes i r. length. The fields for file 
record 0 are listed in Table 1 below: 

Table l 

IFirstFreeEntry Contains the record number of 

the first free record in 
HPQKr.CAT, or « 0 " if there are 
no free reco rds . 



F i 1 e r (j 

Contains the null tepoinated 
string "HPOKF.CAT". This serves 
as a signature. 

Contains the file format version 
number, which also serves as a 
signature. 

iMaxRecordMumbe r rnn^ai-- »w 

Contains the number of the 

highest record ever allocated 
from within HPOMF.CAT (this 
highest record may op may not be 
f re e ) . 

Table 2, below, contains the fields for file records in 
HPOMF.CAT for file records other than file record 0: 
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--S-. .ptior. or each systea file is 

no- g i V e n . 

J>-=t.. file 60., Hfo.r.c.T, :s 

in the systes. in Figure 7^ w=ru- r,- . 

-COM ^ ^^^^ ^^^^^^^ 

K.c.r.c.r ^^^^^^^ ^^^^ 

are shown in F^'r-j-o 7-5 

- 73. ri.e report 0 ia a header which 

contains various signatures a- is .se- 

is uses to manage a list of 

Tree file records. A s-zna*,,-- • 

s.gna.u. e ,s scaie known value which ii 

present indicates that the 'i'e is re- 

•i-e IS net corrupted. File 

record 1 through file record 8 and a^'-'itior.i r-, 

a,.itior.al file records 

(not shown) either <^*r>--.« 

" cor, Til. r,.,r„ ar, . ,3„„„ ^^^^^.^^ 

ni. r>,or, , «.r.„„ , ,,,,,,, ^^^^^^ 
8lo».l P.r.nc. r«, .lo„i , ^^^^^^^^^ ^^^^ 

— ry otn.r o-J.ct, .a, .,5,,,,, „ , 

o»J.ct. ru.r. 7. ,,,,,, ^^^^^^ 

or Slo^al o»J, = t 250 throuj. u„. 250, sl,,.x 35, 
"r = .,n 26,. noo.l oM.ct 252 t..,„,, u,. 262, ,l,„x 

o^J.ct 253 thr,..„ un. 263, nob.l 25. t»ro„,, u„. 

26« an- global ^.^^ ^^^^^ 

Global Object, 250-255 ar. aX„ „poHF.C.T. Each 

nobal obj.c.. 250-255 .a, b. a „. 

1" HPOHf.c.r. ,ac. Object 1„ HPOHF.C.T vbich 1, „ct a 
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•97 results in the data with'n 
•a-ap.ayed in window 706 . , 



OMr 100 looks up an Of the inwa th,r 

iinKa that uae the data 

Identificatlcn nueb-p t' 

^'^'^^ «^ the 

13 not active, OMF 100 ,et, the bit 

VS.NEWDATAA.VNOUNCtD ^or th»r u , 

v-cu .or tnac link in wphmb* vb^ 

1 n HPOMF .XRF. When the 

parent oble^t i ^ -^^^ , 

parent o.,.,, ^ ^ ^^^^ ^ 

— = . „„. ^^^^^ ^^^^^ ^^^^^^^^^^ 

^^^^^ 

- --t, „,„ ^^^^^^^ ^^^^ ■ 

— -m.„..„ ^^^^^^^^ 

Appendixes B, c and D. 

".an.a„ ^^^^ ^^^^^^ 

m., co™.., • 

OHr.oo. m 



EP 0 497 022 A1 



706 .nowing t.e l.e.ci.y or any ot.er .etail, about .ac. 
ot.er. :,e pa.-ent o.Jec. l.entifle. the 

-re.erce na.e of t.e lln.. The child object identlfle, t.e 

U-nV urmrjuat the data ident 1 rVc,"tl orn"u,.er o7 the^lVn..' 

OMF ,00 .ce, all the translation and Identification of which 

links and which objects are Involved. 

Syste, file 60«, HPOMF.PRP, i, also referred to as 
S^SP.OP. HPOMF.PRP contain, all the object and class 
properties except for the fast object properties which are 
contained in HPOM.c.CAT. Each record In syste. file 601 
(HPOMF.CAT) and syste. file 602 (HPOMF.CLS) has a properties 
rield. as. described above. Each properties field contains 
the fields described in Table 6 below: 



Table 6 



01 rDi skLo< 



Contains the position (byte 
offset) within HPOMF.PRP of the 
property list directory. 

"^'""^^ Contains the number of 

properties in the property list. 
This la the nuaber of entries in 
the directory entry array 
described below. 



Pools 1 ze 



Contains the combined length of 
all the names of the properties 
In the property Hat, Including 
* nuii-tepBin^ting bjte for each 
name. This is the size of the 
directory name pool described 
below. 



For each object and for each class, at the DlrDlsWLoc 
position 1. the HPOMF.PRP file l, the property directory for 
that Object or that class. The directory has two major 



/ 
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portion,: the entry array, rollowed by t.e na.. , 

cne name pool . The 

entry array has en- ent-v for ^ 

«"-y for each property in the propert 

^ach entry ha, Tiel.s 3et out i„ Ta.le 7 .elow: 

Table 7 



ValueLen 



ValueDlakLoc 



CacheOf fset 



Specifies the length in byte, o 

;33oclated property. If - 
ValueLen la zero, this 1, alao 
"ro and there I3 „o value ' 
Stored anywhere. 

ruid 1, only ,j ^ 



user conaenta, date an- M-.- ,r 

an. tlae of creation, the user who 
created the object mt^ 

Jecw, etc. For »ore Information on 

properties, see Appendix D. 

of HPOMF.PRP th.r, 1. . . ' 

- — =" or ... ,0., p,,„ ^^^^ ^ ^ 

" -'^ ^ne, ^^^^^ 

.it or ,.c. .oM ua., n.,t. ,,,, „ 

"-g. Oof r,,„ .it.apcont.ol .... 

'no.,uo„ or p.,., 0 ...o„,„ „ ...p.,„..,, 
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When storage m the rir3t ,02. page, i na u f fx cl e r t , a 

-con. tit.ap 13 ad.e. .o t.e nie rollowi^g page 1033. 
ThrVbl t=ap control, t he^a 11 ocaVro; or "pa ge/l 02« throng. 
20n, whlc. lately follow the second .lt«p. 

Additional .it.aps and page, are ad.ed i„ the ,a.e way, 



needed . 



Each directory and property value i, stored aa a single 

^loc. in the nie. i.e contig.ou, run or page, that 

are all allocated in the 3a«e bit«ap. Thi 3 cau,*, the 
re,triction that no directory or .alue can exceed 32K byte, 
(^02>i tiite, 32) in length. 

Syste. rile 605. H?OHT.l,s, i, also rererred to a, 
SrSINSTL. HPOMr.I.S contain, a li,t or the nie, that were 
copied to the 3y,te« when each cla33 wa, installed. Thi, 
inror«ation i, u,ed 30 that these riles can be delete, when 
the class is de-installed. 

-^^e very beginning or HPOKF.IMS i, a double word value 

Which serves as a va 1 i di t y/ ve r s i on identirier. m the 

preferred embodiaent the value of *hla 

«»*u« o. -nis double word must be 

OIOIA8CO hex to be valid t« t,wi a 

09 valid. In Table 8, this number is stored 

a. Shown because or the protocols ror storage In the 
particular prpcessor used by the prererred e. bodl ,e nt , i . « . 
an 80286 microprocessor made by Intel Corporation. 

Following the double word comes a series or variable 
l-.gth records. There is one record ror each Installed 
class. The rirst word or each record is the length or the 
r^st or the record, in bytes. This i, followed by the null- 



EP 0 497 022 A1 



" "a=e or the installed c'aaa . 

cop:ed to the OMF dl.ector^ea 
terBinate<i by a null bvte and n 

special character " • " t k « <• • , 

' 'he fiu la assumed to be locate. , 
the H^NVPRor located in 

n.NwPROG directory. jf .w. 

special ^^'h 
3P«cial character fch- r • i 

"ry. cu„ -en- cau,« , f^, 
«XX. ..o „p„,,,„ ^^^^ 

:::::r'^-"'" - =™.»..o...3 .... 



Table 8 



offset content 
? CD AB 01 o: P., *=°"«nt3 

OC 00 lI^^^'k**!*'"^''*"^''" Check 

Length of AB record ( 12 
6 U2 00 decimal) 

9 "^S- ♦ Mull 

Length Of length byte ".3- . 

5 0^5 

'r.f ' «^ l"8th byte * ..TY. 

Length of CDE record ( 10 
"3 U«» ;i5 on _<l««toal) 

18 06 * 

Length of length byte ♦ -.XXX- 

19 ♦Null * 

2A 59 58 58 00 -.xxx" * Null 
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System File 606, KPOMF.SDF is also referred to aa the 

been cleanly shut down. It ia deleted as the systec atar-.s. 
and created aa it shuts down. On startup, if this file is 
missing, OM- assumes that the last session ended abnormally, 
and so It goes through its crash recovery procedures to 
validate and repair the system flies as best it can. The 
system files can be in an invalid but predictable state on a 
crash. These errors are corrected without user 
interventicr.. Certain other kinds of file consistency 
errors are detected, but are not really possible from an 
"ordinary" system crash. These errors are in general not 
correctable and the OMF will not allow the system to come up 
inthissase. 

If KPOM.e-.SDF is present, it contains a list of objects. 
When the system is being shut down normally, each object 
Which is active at the time can request that the OMF restart 
them when the system is restarted. The list of objects, 
then Is the list of tags of objects which have requested 
that they be restarted when the system is restarted. 

The first word in HPOMF.SDF is a flag word. If this 
word is non-rero, OMF will execute its cr,sh recovery code 
even though HPOMF.SDF exists. Normal shutdown will set this 
flag when producing the file if some serious error occurred 
In the session being ended. 

After the fint word, the rest of the file is a 
sequence ef three byte records. The first two bytes of each 
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record contain the tag or the object to be restored. The 
leaat 5ignificant byte is rirst. The third byte is not use 
in the preferred embodioent, and is zero. 

For exacple, if the systea is shut down cleanly in th 
last session and two objects, having tags of 2 and 7, 
respectively, have requested restart, the content, of 
HPOMF.SDF Will be as set out in Table 9 below. 

Table 9 

ofifset content 



consents 

°° °° Indicates no crash recovery 

needed 

Tag of first object to restart 
Unused and reserved 
Tag of second object to restart- 
Unused and reserved 



2 02 00 

5 07 00 

7 00 



Systea file 7. H? OMF I CO . NW£ . i, a Microsoft Windows 
dynamic library executable file which contain, a dum.y entry 
point and no data. Microsoft Windows is a prograo, sold by 
Microsoft Corporation, having a business address at 16011 ne 
36th Way, Redmond. Wa 98073-9717. HPCMFICO.NWE also 
contains as -resources" the icons of each installed class. 
OMF modifies HPCMFICO.NWE directly during run time, and 
loads and unload, it to get the icon resource, fro. it. The 
format of HPOMFICO.NWE is defined in Microsoft Window, 
documentation distributed by Microsoft Co'rporatlon. 

Normally working with a view (see discussion on view, 
above) causes a child's application to be Invoked. Where 
large applications are involved, this can cause a lot of 
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30 
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unnecessary overhead. The use of snapshots allow thia 
overhead to be e 1 i s i r.a t ed . 

A snapshot is an object that uses executable code fro» 
-a se-parat-e-ll-brr^^^^^ t 3 dynamic a-cce as "l i bra ry^ " 

(or DAL) rather than using the full application executable 
code. The only data file associated with a snapshot 
contains data which is to be sent fro, a child object to a 
parent object. The code which encapsulates the data file 
although referred to as a dynamic library, is still stored 
in directory HPOMFPROG (directory 668). 

."^or exa.ple, Figure 8l shows a parent object 501 linked 
to a Child Object 502 through a link 50U. Associated with 
link SOU i, a snapshot 503. Once child object has designated 
snapshot 503 In a view specification record for link 50^1, 
snapshot 503 is able to provide data froo child object 502 
to parent 501 without the necessity of invoking an 
application associated with child object 502.. 

AS shown in Figure 82. when there is no snapshot, child 
Object 502 Bust be active in order to send view data 522 to 
parent object 501, in order for parent object 501 to display 
view data 52 2 in a window display 521. m Figure 83, 
however, snapshot 503 is shown to provide, view data 522 to 
parent object 501 without the necessity of child 502 being 
active. Further i «ple«ent atl on details of snapshots are 
given is Appendix B, Appendix C and Appendix D. 

Appendix A is a list of «aJor data structures within 



OMF TOO. 



iS 
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20 



present invention. 

Appendix c (HP NewWave Env'ron.- . 

Env.ronaent: Prograa Design 
Exaopies) Gives exaaples of hew th« n . 

^ preferred eabodiaent of 

the present invention aay be l«m 

' ^"Pl«««"ted. including detail as 
to how OMF ,00 allow, data to be viewed b.. 

, . viewed between windows 

aisplayed on monitor 1U. 

Appendix D (Chapter 2 of Pr«, 

P r 2 Of Prograaaer-s Guide) gives a 

t'jrther overview or fw-. ^ 

invention, .'urth.r 

as to the operation of the 
Pr.re.-re. e..o.l.,„t of tn. p.„„, Invention. 
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